Microbial degradation of 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (DDT) is the most promising way to clean up DDT residues found in the environment. In this paper, a bacterium designated as wax, which was capable of co-metabolizing DDT with other carbon sources, was isolated from a long-term DDTcontaminated soil sample by an enrichment culture technique. The new isolate was identified as a member of the Pseudoxanthomonas sp., based on its morphological, physiological and biochemical properties, as well as by 16S rRNA gene analysis. In the presence of 100 mg l -1 glucose, the wax strain could degrade over 95% of the total DDT, at a concentration of 20 mg l -1 , in 72 hours, and could degrade over 60% of the total DDT, at a concentration of 100 mg l -1 , in 144 hours. The wax strain had the highest degradation efficiency among all of the documented DDT-degrading bacteria. The wax strain could efficiently degrade DDT at temperatures ranging from 20 to 37°C, and with initial pH values ranging from 7 to 9. The bacterium could also simultaneously co-metabolize 1,1-dichloro-2,2-bis(p-chlorophenyl)ethane (DDD), 2,2-bis(p-chlorophenyl)-1,1-dichlorethylene (DDE), and other organochlorine compounds. The wax strain could also completely remove 20 mg kg -1 of DDT from both sterile and non-sterile soils in 20 days. This study demonstrates the significant potential use of Pseudoxanthomonas sp. wax for the bioremediation of DDT in the environment.
INTRODUCTION
DDT [1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane] has been used extensively as an organochlorine insecticide for the control of insects on agricultural crops and vector-borne diseases, such as typhus and malaria (14) . DDT is highly persistent in the environment, with a reported half-life between 2-15 years, and is immobile in most soils. DDT was classified as a priority persistent organic pollutant by several different environmental regulatory agencies because of its toxicity, hydrophobicity and bioaccumulation (7, 9) , and was banned in the 1970s from agricultural use because of its negative impact on wildlife and its ill effects on human health via the food chain. However, DDT continues to be used in some developing countries (primarily tropical countries) to control insect-borne diseases. Due to its extensive use and recalcitrance, numerous sites around the world are contaminated with DDT (1, 9, 19) , and many foodstuffs, including processed foods, have been shown to contain high levels of DDT residue (2, 7, 12) .
Moreover, high levels of DDT and its metabolites have also Alignment of different 16S rRNA gene sequences from GenBank was performed using Clustal X 1.8.3 (22), with the default settings. The phylogeny was analyzed with the MEGA version 3.0 software, and the distance was calculated using the Kimura 2 parameter distance model. The phylogenetic tree was built using the neighbor-joining method. Each dataset was bootstrapped 1,000 times (18) .
Analytical methods
The cell density was monitored spectrophotometrically by measuring the absorbance at 600 nm with a SHIMADZU UVVis Recording spectrophotometer (Shimadzu UV-2410, Japan). by HPLC, or gas chromatography (GC), as described previously (10, 23 ).
Degradation of DDT by wax strain in culture
All aerobic batch cultivations were carried out in 250-ml bottles, containing 100 ml liquid culture, while being shaken at 150 rpm at 30°C. The wax strain was pre-cultured in LB medium for 18 hours, was centrifuged at 5,000 g for 10 min, and the cell pellets were washed three times with fresh MSM.
After adjusting the OD 600nm of cell density to 1.0, an inoculum respectively, were inoculated into GMM. To investigate the effect of aeration on DDT biodegradation, 250-ml bottles containing 30 ml, 60 ml, 100 ml, 120 ml, 150 ml, and 180 ml of culture were used.
To study whether additional organochlorine compounds 
Degradation of DDT by the wax strain in culture
In GMM, the wax strain degraded 30.6% of the total DDT, at a concentration of 20 mg l -1 in 24 hours, while over 95% was degraded in 72 hours. However, in MSM, only 10.2% of the total DDT was degraded in 72 hours (Fig. 3 ). These results demonstrate that the biodegradation of DDT by the wax strain was greatly affected by the alternative carbon source. When the wax strain grew in the presence of glucose as the carbon source, DDT was simultaneously co-metabolized with chloride ion released from DDT. It was found that other carbon sources, such as succinate, starch, dextrin and maltose, could also promote the biodegradation of DDT. Therefore, it is suitable for the wax strain to degrade DDT in naturally contaminated sites, where other carbon sources exist.
The wax strain could degrade DDT at a wide range of concentrations, even at very high concentrations. For instance, over 60% of the total DDT, at a concentration of 100 mg l -1 , was degraded in 144 hours, and specifically 50 mg l -1 of DDT was nearly completely degraded in this time (Fig. 4) . Even though a high concentration of DDT was toxic to the wax cells, and there was a delay in biodegradation when the initial concentration of DDT was over 50 mg l -1 , the wax strain showed an uncommon tolerance of DDT at high concentrations. The wax strain could efficiently degrade DDT at temperatures ranging from 20 to 37°C, with an optimal degradation temperature of 30°C. The biodegradation of DDT was completely inhibited when the temperature was above 45°C or below 10°C. The wax strain could rapidly degrade DDT, at initial pH values ranging from 7 to 9, with an optimal pH value of 7.5; biodegradation of DDT was inhibited when the initial pH value was below 4.0. The degradation of DDT increased with an increase in inoculum size, for instance, when the inoculum size was 10%, 100 mg l -1 of DDT was degraded to a non-detectable level in 144 hours. The effect of aeration on DDT biodegradation was complex. Under significant aerobic conditions (30 ml culture in the 250-ml bottle), growth of the wax strain was optimal, however, the rate of DDT degradation was reduced. On the other hand, the highest rate of DDT degradation was found when the 250-ml bottle contained 100 ml culture, albeit the growth of the wax strain was not the most optimal.
Interestingly, the wax strain had a broad degradingsubstrate range of organochlorine compounds. The degradation time course of some organochlorine compounds by the wax strain is presented in Fig. 5 . It was found that 20 mg l -1 DDD and DDE were nearly completely degraded in 144 hours, and that PCNB, cypermethrin, cyfluthrin and bifenthrinat were degraded to various extents. However, chlorothalonil andhexachlorocyclohexane could not be degraded, and thus it was deduced that the side chains could also affect the biodegradation of organochlorine compounds. In the present study, a DDT degrading strain, designated as wax, was isolated from long-term DDT-contaminated soils.
The wax strain could degrade over 95% of total DDT at 20 mg days. Due to broad substrate specificity, a strong degradation ability and adaptability to temperature variation, the wax strain is a promising candidate for the bioremediation of DDTcontaminated sites; although, the biochemical degradation pathway of DDT by wax strain has not yet been elucidated.
Therefore, further research will be needed to clarify the degradation pathway and the properties of the key enzymes involved in the biodegradation of DDT.
